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including antihypertensives. 7, 8 Another survey in 8 villages surrounding an airport found that there was an increased prevalence of hypertension in the population aged 34 to 64 years. Increased blood pressure was also reported due to low flying military aircrafts and in rats exposed to recorded aircraft noise. 7, 8 Pilots are constantly exposed to aircraft noise that can reach 90 -120 dB. This exposure to aircraft noise has auditory and non-auditory effects on the human body, including the cardiovascular system. A few studies have indicated that chronic noise exposure is a risk factor for blood hypertension in pilots exposed to high noise levels and the possibility of links between hearing impairment and hypertension. [9] [10] [11] There was a higher prevalence of hypertension, nearly always diastolic, and ECG abnormalities in the group of pilots of turboprop aircraft compared to jet plane pilots. 11, 12 Therefore, this study aimed to investigate the association between noise, specifically aircraft noise, on systolic and diastolic blood pressure.
Noise is suspected to have detrimental effects on human health. Epidemiological and laboratory studies demonstrated that noise have both temporary and permanent effects on human physiology. [1] [2] [3] [4] It has been linked with various physiological effects. [1] [2] [3] [4] [5] These effects may be aural, such as temporary hearing impairment to permanent noise-induced hearing loss (NIHL), aural pain, speech interference, or non-aural, such as startle and defense reactions, annoyance responses, sleep disturbance, cardiovascular effects, performance reduction, gastrointestinal disturbances and immunologic impairment. [2] [3] [4] [5] [6] A few studies reported an increase in the prevalence of hypertension in people living around busy airports, but the relationship has been rarely investigated. 6, 7 Surveys conducted around Schiphol Airport in the Netherlands showed a relationship between aircraft noise and increased visits to general practitioners, health problems and increased use of cardiovascular medications,
METHODS
This is a nested case-control study of Indonesian Air Force pilots attending annual medical check-ups at the Saryanto Institute for Aviation and Aerospace Health (LAKESPRA) from 2003 -2008 . These annual medical check-ups are mandatory for certification of fit to fly for the pilots. Ethical clearance was obtained from the Ethics Committee of the Faculty of Medicine, Universitas Indonesia.
Cases and controls
The inclusion criteria for the cases and controls were male air crew of the Indonesian Air Force. The exclusion criteria were those with incomplete medical check-up data. Cases were pilots diagnosed with hypertension according to the JNC 7 criteria from medical checkup results from January 2003 up to September 2008. 13 Controls were those never known to suffer from hypertension based on medical check-up data. The criteria for hypertension: systolic blood pressure (SBP) 140 mmHg or more, or diastolic blood pressure (DBP) 90 mmHg or more.
Data collection
The data extracted from the medical records of these annual medical check-ups were age on diagnosis, age at starting work, year of entering work, rank, average flight hours per year, type of aircraft, total flight hours, and duration of work. Besides blood pressure, other clinical and laboratory data, such as waist circumference, body mass index (BMI) calculated from height and weight, resting pulse rate, pulse pressure, fasting blood glucose, and cholesterol levels were also obtained. For numerical data, means and standard deviations (SDs) were calculated and tabulated.
The specific variables for pilots that were analyzed as risk factors for this study were the same as previous study with slight modifications, i.e. the type of aircraft, (fixed wing planes or helicopters), the length of employment (2 -10, and 11 -25 years), age on diagnosis (23-29, 30-39, and 40-48 years), age at starting work (19 -22, and 23 -26 years), rank (first officers that are second lieutenant to captain and middle-ranked officers that are major until colonel), total flight hours (147-1400, and 1401-11.125 hours), annual average flight hours (29-299, and 300-622 hours/year), and year of starting work (year 1980 -1990 and 1991 -2003) . 12 Further, data that may be related to hypertension were also collected, i.e. fasting blood glucose level (less than or equal to 126, and greater than 126 mg/dL), blood cholesterol level (less than or equal to 200, and more than 200 mg/dL), BMI (18.00-22.99, 23.00-24.99, and 25.00-39.00 kg/m 2 ), 14 waist circumference (normal ≤90, and high> 90 cm), resting pulse rate (50-80, and 81-101/minute), resting pulse pressure (10-40, and 41-90 mmHg). Grouping of variables were based on the ROC curves. 12 All the data collected were checked manually for completeness and consistency before data processing. Verification of the data was done visually for any errors.
Data analysis
Statistical analyses were done using STATA 9.0 software. 15 The risk factors were examined whether they were potential confounders and/or effect modifiers. Unconditional logistic regression analysis was used to determine the confounding effects and the risk factors for hyper tension. 16 A risk factor was considered to be a potential confounder if in the univariate test it had a P-value of <0.25, and would be included in the multivariate model along with all known risk factors for hypertension. 17 Confounders were estimated by the method of maximum likelihood. Ninety-five percent confidence intervals were based on the standard error of coefficient estimates. Relative risks represented by odds ratios (OR) were estimated by maximum likelihood.
RESULTS
There were 539 pilots with complete medical records, with 406 pilots of fixed-wing aircraft (transport and fighter jets) and 133 helicopter pilots. Of these pilots, 49 were diagnosed as hypertensive between the years 2003 to 2008, with SBP ≥ 140 mmHg or DBP ≥ 90 mmHg. Age ranged from 23 to 48 years. Table 1 showed that the risk of hypertension was found to be increasing with age. Those in the 40 -48 years age group had almost a 1.7 fold risk of hypertension compared to pilots of less than 30 years. Pilots who started work at a later age were also found to be at a 1.6 fold risk of developing hypertension. Middle-ranked officers were 1.5 times more likely to be hypertensive.
Helicopters pilots were at a 1.9 fold risk of hypertension compared to the fixed wing aircraft pilots. Pilots with more than 1400 total flight hours were 2 times more likely to have hypertension compared to those with less than 1400 total flight hours. Longer duration of work, more than 11 years, was also found to be at a 1.6 fold risk for hypertension compared to those working for less than 11 years. But the average flight hours per year was similarly distributed between those with hypertension and those with normal blood pressure.
From table 2 on clinical and laboratory findings, it was shown that waist circumference, BMI, fasting blood glucose and cholesterol level was similarly distributed among pilots with hypertension and those with normal blood pressure. But pilots with a resting pulse rate of more than 81 beats/minute or more were found to be 2.4
Med J Indones Table 3 showed that the dominant risk factors related to hypertension were total flight hours, type of aircraft, resting pulse rate, and pulse pressure. Pilots with more than 1400 total flight hours were almost 2 times more likely to develop hypertension compared to pilots with 1400 flight hours or less. Helicopter pilots were found to be almost 2 times more likely to develop hypertension, with p < 0.05, compared to fixed wing pilots. Pilots with a resting pulse rate of more than 80 beats/minute were more than 2 times likely to be at risk of hypertension, p < 0.05. A pulse pressure of more than 40 mmHg was a risk of almost 2.5 fold for hypertension, p < 0.05. 
DISCUSSION
In this study, pilots exposed to aircraft noise were found to be at risk of having hypertension. This finding is supported by others. 6, 7, 9, 10 Noise is postulated as a risk factor for the cardiovascular system. 9 It is a stressor that activates the sympathetic and endocrine systems. Shortterm changes in circulation (including blood pressure, heart rate, cardiac output, and vasoconstriction) as well as in levels of stress hormones (including epinephrine, norepinephrine, and corticosteroids) due to persistent noise have been studied in experimental settings for many years. 6, 7 These autonomic responses are primarily normal physiological responses of the organism to its environment. But, as a stressor noise do not habituate, it is suspected of being contributive to the possible causes of multifactorial chronic diseases, particularly of cardiovascular diseases. 6, 9, 10 From this, the hypothesis emerged that persistent noise stress increases the risk of cardiovascular disorders including high blood pressure and ischemic heart disease.
Furthermore, our study showed that pilots with a higher resting pulse rate were more than 2 times likely to be at risk of hypertension, whereas pilots with a pulse pressure of more than 40 mmHg were 2.3 times likely to be at risk of hypertension. This may be a reflection of stimulated sympathetic nervous and endocrine systems brought about by chronic exposure to noise. Chronic increase of sympathetic nervous system and adrenal hormones, such as norepinephrine will lead to a heightened peripheral resistance, which will in turn cause high blood pressure. 9, 10 This finding may strengthen the postulate that noise is a stressor that affect the cardiovascular system by activating the sympathetic and endocrine systems.
Pilots, in the course of their work, are constantly exposed to various noise generated by their respective aircrafts. The noise generated by these aircrafts may exceed 100 dB, inside as well as outside the aircraft. 18 Helicopters pilots are more at risk since the noise level is much higher and is compounded by vibration. 17 This may be the reason why in our study, helicopter pilots were found to be almost 2 times more likely to develop hypertension compared to fixed wing pilots.
This was also true of pilots with a greater total flight hours. Our study showed that those with more than 1400 hours of flying time were almost 2 times more likely to develop hypertension compared to pilots with 1400 flight hours or less. These pilots were exposed to noise for a longer period of time. This would support a dose dependent relationship. A Japanese study on the association between blood pressure and aircraft noise exposure in Okinawa also found a dose dependent relationship. 2 A limitation of the study was that the source of the data was records of mandatory annual medical examinations 2003 -2008. However the examinations followed the rigid instructions of the standardized Technical Guidelines for Medical Tests and Examinations of the Indonesian Air Force pilots to which pilots may be grounded if the findings were not up to standards. 13 In conclusion, aircrafts are a source of chronic noise for pilots and may be a risk factor for developing hypertension. Helicopter pilots had a greater risk of hypertension than fixed wing pilots. Increased total flight hours also increased the risk of hypertension.
